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CNGS beam optimized for appearance

Shared SPS operation
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Civil engineering

Install hadron stop,
decay tube sleeves,
general services

Nu2002 Munchen

Commissioning

CNGS Program Satus and Physics Potential

Equipment installation

CNGS : schedule

@ v 99

First beam to Gran Sasso:

Reevalution:

Cost 71 -> 77.6 MCHF

Manpower 60-> 80 manyears

2000 2001 2002 2003 2004 2005

re-scheduling
presently
under way

June 2006 (?)



New ideas on the beam side (R.Cappi et al.)
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2 ways of detecting 1 appearance
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LNGS Laboratory and the 2 detectors




COLLABORATION
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34 groups
~ 170 physicists

Belgium
IIHE(ULB-VUB) Brussels

China
IHEP Beljing, Shandong

Croatia
Zagreb

France
LAPP Annecy, IPNL Lyon, LAL Orsay, IRES Strasbourg

Germany
Berlin, Hagen, Hamburg, MUnster, Rostock

Israel
Technion Haifa

Italy
Bari, Bologna, LNF Frascati, L’ Aquila, Naples, Padova, Rome, Salerno

Japan
Aichi, Toho, Kobe, Nagoya, Utsunomiya

JINR Dubna

Russia
INR Moscow, I TEP Moscow, JINR Dubna, Obninsk

Switzerland
Bern, Neuchétel OPERA =CNGS1

Turkey Approved
METU Ankara



The smallest OPERA element

Plastic base

™~

_ _ ] Emulsion layers
56 emulsion films / brick

Nu2002 Munchen

e To the full detector:
2 supermodules
31 walls / supermodule
52 x 64 bricks /wall
200 000 bricks

CNGS Program Satus and Physics Potential
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CNGS1: OPERA a hybrid detector

Target
» Trackers

8 m

Pb/Em. brick

gttt
R
?#llfif‘::fﬁ'rtnwnJii?:#r:l i#t:

e &1::'..'

"'h}jﬂu.'.‘NTL”‘I |

N
T —

<_\u Fb Emulsion 1 mm
|

Electronic detector

— finds the brique of Vv
interaction

— WID, charge et p

Emulsion analysis

— vertex
— decay kink
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multiple scattering, kinématics




Tests of full scale
wall prototypes
and components

(Frascati and Naples)

from the side

fedspmeble Bricks inserted

235k bricks

0X, ( 56 emulsion films )
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The Brick Manipulator System (BMS) prototype
at LAPP Annecy_

ek

Fill the brick walls
200,000 bricks/ 1 year

The robotised “ Ferrari” for
Insertion/extraction of bricks with
vacuum grip by Venturi valve

Nu2002 Munchen

Tests with the prototype wall from Frascati-
Napoli

CNGS Program Satus and Physics Potential

Extract bricks with vV interactions

~ 40 bricks/ day “Carousel” brick dispensing
and storage system



Brick assembly machine (BAM)

27 million lead plates + emulsion sheets

- 200,000 bricks at arate of ~ 2 bricks/minute

©

% ‘O,.,- % Components

% 'ba%f‘?'b,-,, P i Emulsion - 36 ton

kS . 2o w Lead — 2 kton

25 0?310' N “Origami” paper - 20,000 m?
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EE"“'--—-"“'EE Electronic detectors to select bricks with V interactions
% (plastic scintillator strips)

Sampling by Target Tracker planes ( X,Y
 Target Tracker tasks : pling by 1arg P ( )
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Target Tracker: plastic scintillators

* 64 strips of 6.7 m length, 2.6 cm width, 1 cm thickness
* Readout by wavelength shifting optical fibres in co-extruded grooves
 Tests of co-extruded strips from Amcrys-H (Kharkov), Pol.Hi.Tech and Chemo Technique

* Co-extruded TiO, coating
* Contacts for assembly of modules by industry

z Coextruded strlp Kharkov (2m)

Nrrarm CtAa 1o AnAd Dl i f.‘ﬁPOtenU al

Al I— S S— -
§ Well above 5 p.e. / readout end
B
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Full scale prototype module (Strasbourg) N, , Versus L ength (cm) Length (cm)



Dipolar magnet { RPCs inside gaps: muon identification , shower energy

Drift Tubes. muon momentum

Full scale prototype of magnet section
constructed and tested at Frascati

12 Fe
slabs
in total

tus and Physics Potential
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Iron in tendering-ordering phase



New facts after approval

e “Changeable (emulsion) Sheets” added to detector Reduced scanning load

* Perspective of higher beam intensity Larger v_yield
( x 1.3-1.5 at moderate cogt, .....) (CS help scanning)
e Detector compatible with Hall B-C - Hall C Installation problems (- 6 m delay)
but Hall C wider (- optimise det.)
 CERN financial crisis CERN group withdrawn:
- reallocate its responsibilities
- face reduced funding
o
0N
S _
O . B

Simplify the detector
Maintain (... improve) sensitivity to oscillations
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Hall C wider than Hall B

: ]

Two spectrometers instead of three
(with no change in mechanical
design)

install 2x7 targe

e Hall C wider than Hall B (+ 3 m): easier sliding in of Target Trackers
24 _ 31 target planes / spectrometer

e 3 - 2 spectrometers, target mass practically unchanged (—12.5 %):
detector simplification, ~ 3.4 M€ saving on lead and electronic detectors

Add ~ 1.5 kton inert structure to damp seismic vibrations.

* Perspective of +50% beam intensity increase at moderate cost:
more attractive to compensate —12.5% reduction of target mass

Schedule for installation in Hall C - detector ready in 2006



Automatic scanning in Nagoya : the new mechanical concept
(take images without stopping the stage, to increase the speed)

CCD
L L~60 resultant movement
1 1 ll =ttt . . . .
objective lens /' along an inclined axisin lab frame
(movedby N A
piezo-actuators) , D-50um

=—_ / emulsion

stage at constant speed
(no vibrations at settling on a new position)

CNGS Program Satus and Physics Potential
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Objective and stage movements have to be synchronised

Goal for OPERA : ~20 cm?/ hour / syst.



ALSO Development of automatic scanning in Europe
“Sysal” system operating in Salerno

OPERA R&D in Bari, Bern, Bologna, Lyon, Minster, Napoli, Roma, Salerno

Image |

ﬁ)esign philosophh > processor
i 1 1 CCD Frame Image
Optics with large view 1Mpixel | > i » CPU
hence 60 frames/s Grabber processor
no critical mechanics [ ]

_ L, Image | ]

Commercial components processor

(in continuous devel opment) _
Parallel processing

Softwar e approach

]

Excellent performance
with present technol ogy

10 cm?/hour

Ai e (5
\ 20 cmlzl/llllour /

50 x magnification

330 x 330 um? view

Change of view
with <80 ms settling time

R&D:

MOS sensor: x2 frames/s

CNGS Program Satus and Physics Potential

Oil immersion - dry
objectives

4 Mpixel sensors ?

L e T g
.....
.........................
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Intrinsic space resolution in tracking with emulsion

Base track resolution

(limited by digitisation error
In image processing)

O (angle) = 2.1 mrad
O (position) = 0.21 pm
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Momentum measurement by MCS: max p measured with Ap/p < 0.2 after 5X,,
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Electron identification and ene

rgy measurement

Requires low density of background tracks: emulsion “r

» Performance estimated by reproducing the full chain

|D Method based on
«Showering and MCS of the track

ee/Tt measured with Cerenkov/ ECC
Beam Tests ECC 1.42+0.17 /Cerenkov 1.46+0.11 at 2

*MC: €,=88(91) %, tmis-ID 6% (4% ) at 2 (4) GeV

*Energy measured by counting the number of
track segments into a cone along the electron
track

g 40%

E _JE o ID ->

efreshment” after production
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Decay channels

Long decays

1"\-\._

» “Long” decays
kink angle 8,;,, = 20 mrad 3
T— ¢ Progr. Rep. 1999 o 4 Oiny
C_G EnENEmE -} -\% e
= T—> U Progr. Rep. 1999 ] '
-§ 0 _ \\:-."""--
o T —> h (nn") Proposal 2000 e
38 + p search 2001
25 | .
QO < emulsion film plastic base
5 2 %
8 2 . Ph
0 c% » “Short” decays
g S impact parameter LP. > 5 to 20 um
C\I
-]

% - T— e Proposal 2000
S T 2001
ol
2 - 2
% DIS long  OE long DIS short  Qverall* Short decays

T e 2.7 2.3 1.3 3.4

T U 2.4 2.5 0.7 2.8

T—=>h 2.8 3.5 - 2,9

Total 8.0 8.3 1.3 9.1 (8.7)




Global kinematics for T - h

(for events with at decay candidate)

1 P, miss (GeV/c)

Nu2002 Munchen

OPERA NOMAD OPERA NOMAD

V,NC v,NC T - h T - h

CNGS Program Satus and Physics Potential

&in @17 VX 020 |2.0x10°]  0.65 0.021
P kink > 0.6 GeV/c |8.4x10° - 0.28 -
Total £1.7x10° 2.0x10°  0.18 0.021

Primary role of the observation of the T decay topology



Expected background events
(5 year run with 1.8kton average target mass)

Experiment’s sensitivity specially depends on the background (Poisson statistics)

Further tools for background reduction are under study

( e.g. u rrdiscrimination by dE/dx at the end of the range, on candidate events)

I > e T - U T > h Total

e Charm production 0.14 0.03 0.14 0.31
s z | v.CCand 7 0.01 - - 0.01
g - Large angle u scattering 0.10 - 0.10
S A< Hadronreinteractions - : 0.10 0.10
8 % v, CC 0.06 0.06
% g S| wNC 0.10 0.10
5 8 \ Total 0.15 0.29 0.24 0.67
< >
92 £  Charmproduction 0.03 0.02 i 0.05
58 S Large angle y scattering - 0.02 - 0.02
£2 2] v.CCand 72 «0.01 i i «0.01
2 » Total 0.03 0.04 - 0.07
&g ©

—
RN T otal 0.18  0.33 0.24 0.75
O




5x1.8=9 Kt years
2.25 10%° p.o.t.

*Prob of 3o significance
for Am?2=25103eV?: ~99% T U short

Decay mode

T—e long
T—> U long
T—>h long
T—>¢e short
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-V, OV,

[ 90% C.L.

OPERA

Sensitivity vV, - Vg

Sienal
2.4*10-3

Sienal
1.2#10-3

0.8
0.7
0.9
0.2
0.1

2.7

3.1
2.9
3.4
0.9
0.5

10.8

OPERA

- 90 "é;egll_sin S

90 % CL for Am?~2.5103eV2~19%

SUPER-K 90%CL

v 2000

5.4*%10-3

2
10

0.9

Uncertainties on background (x33%) and on efficiencies (£15%) accounted for

Bkgnd.

0.15
0.29
0.24
0.03
0.04
0.75



Expected number of events with Hall C detector

w
L Am? from Super-K / MACRO best fit and S-K 90% CL limits; full mixing; 5 year run )
OPERA

signal signal signal background
(Am? =1.3x 102 eV?)| (Am?=25x 102 eV?) | (Am? =4.0x 102 eV?)

dE/dx : preliminary results with L/Tt separation and background rejection on the basis of
specific ionisation at the end of the range, by special measurements on candidate events.

. 2

Aim at evidence of V. appearance after a few years of data taking

e Status Report

o

o CNGS 4.9 11.8 30.0 0.74

&8

% é Hall C detector
(&)

-g 5 CNGSx (1 +1.5) 4.3+64 10.3 +~15.5 26.3+394 0.65 +0.97
=

0

-

g § CNGSx (1 +1.5)+dE/dx 4.4+ 6.6 10.6 ~ 15.8 26.8 +40.2 0.41 +0.62
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EZ
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Forv -v, oscillation: profit of the excellent e-identification capabilities of the lead-emulsion bric]
(1999 Progress Report + current study)



The ICARUS Collaboration

F. Areodo, B. Babussinov, B. Badelek, A. Badertscher, M. Baldo-Ceolin, G. Battistoni, B. Bekman, P. Benetti,
E. Bernardini, A. Borio di Tigliole, M. Bischofberger, R. Brunetti, A. Bueno, E. Calligarich, D. Cavalli, F. Cavanna,
P. Cennini, S. Centro, A. Cesana, C. Chen, Y. Chen, D. Cline, P. Crivelli, A. Dabrowska, M. Daszkiewicz,

C. De Vecchi R. Dolfini, M. Felcini, A. Ferrari F. Ferri, A. Gigli Berzolari, |. Gil-Botella, K. Graczyk, L. Grandi, K. He,
J. Holeczek, X. Huang, C. Juszczak, D. Kielczewska, J. Kisiel, L. Knecht, T. Kozlowski, H. Kuna-Ciskal,

M. Laffranchi, J. Lagoda, Z. Li, B. Lisowski, F. Lu, J. Ma, M. Markiewicz, F. Mauri, C. Matthey, G. Meng,

C. Montanari, S. Muraro, G. Natterer, S. Navas-Concha, G. Nurzia, S. Otwinowski, O. Palamara D. Pascoli,

L. Periale, G. Piano Mortari, A. Piazzoli, P. Picchi, F. Pietropaolo, W. Polchlopek, T. Rancati, A. Rappoldi,
G.L. Raselli, J. Rico, E. Rondio, M. Rossella, A. Rubbia, C. Rubbia, P. Sala, D. Scannicchio, E. Segreto, Y. Seo,
F. Sergiampietri, J. Sobczyk J. Stepaniak, M. Stodulski, M. Szarska, M. Szeptycka, M. Terrani, S. Ventura,

C. Vignoli, H. Wang, M. Wojcik, G. Xu, X. Yang, A. Zalewska, J. Zalipska, C. Zhang, Q. Zhang, S. Zhen, W. Zipper.

University and INFN of: L'Aquila, LNF, LNGS, Milano, Padova, Pavia, Pisa - Italy

ETH Honggerberg, Zlrich - Switzerland IHEP, Academia Sinica, Beijeing - China

CNR lstitute of cosmogeophysics, Torino - ltaly Politecnico di Milano - Italy

University of Silesia, Katowice - Poland University of Mining and Metallurgy, Krakow - Poland
H.Niewodniczanski Inst. of Nucl. Phys., Krakow - Poland Jagellonian University, Krakow - Poland

Cracow University of Technology, Krakow - Poland A.Soltan Inst. for Nucl. Studies, Warszawa - Poland
Warsaw University, Warszawa - Poland Wroclaw University, Wroclaw - Poland

UCLA, Los Angeles - USA

‘ This is an “open” collaboration: new teams welcome ! I
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Method of signal recording

‘__\__pr'"-

The collected charge is sensed by a ultra-low noise, FET charge sensitive

pre-amplifier.

e The signal waveform from individual wires, after being further amplified,

filtered and digitized, is continuously stored on a circular memory buffer.
w The chamber is continuously sensitive

w The eventis contained in a time window, equal to the maximum drift time.
Wire

Lff Py =

Preamplifier

Shaping Amplifier

’_&r

Equiv. input charge due to noise:
Qnm'.-;e = (350 +2.5xC

it

¥

|pF ]) electrons Readout
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Real Event from a

Principle of signal recording

15 ton LAr Detector

Raw Data
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Cryostat (hal.f-r?odule) > ICA RUS T3OO prOtOtype
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Readout electronics

Wli“t Chamber
51“r‘m|n:’rur«.=-n

Field Mr‘ndas
: (duringinstallation)
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Detector’s performance (cont.)

e Measurement of local energy
deposition:
w Electron / gamma separation (3mm)

w Particle ID by means-of-dE/dxvs——»
range measurement

S

dCiidx (countshwire)
"o
=3

§-

150

100 ion

e Total energy reconstruction of the e
events from charge integration =

excellent calorimeter with high accuracy ] S S
for Contal n Ed aye n‘ts Range from end point {cm)

RESOLUTIONS
Low energy electrons: o(E)/E = 7% / VE(MeV)
Electromagn. showers: o(E)/E = 3% / VE(GeV)

(
Hadronic showers (pure LAr):  o(E)/E = 16% / VE(GeV) + 1%
Hadronic showers (+TMG):  o(E)/E = 12% / VE(GeV) + 0.2%




|ICARUS T3000 (proposed)
T3000 Detector in Hall B of LNGS (cloning of T600)

T1200 Unit T1200 Unit
(two T600 (two T600
superimposed) superimposed)

First Unit T600 +
Auxiliary
Equipment

Future extension >

Improved statistics for: = 70 Metres to additional modules
Solar neutrinos T600: installed in LNGS in 2003
Atmospheric neutrinos
Supernova neutrinos T3000: operational by summer 2006

CERN-NGS neutrinos
Proton decay

U1 D W N ~ >Program Satus and Physics Potential



ICARUS V- Vs

Golden channel T- e (good e/TP separation) but also (T - p)

Ara® = T E o T F gt
m=35x i0 2 . o R
= - Am® = 3.5 107 g

=1
=
T

8 v +v CC
v, CC
-» v, CC

&

® v +v (C
v CC
v, (O

Evente/20kton x year
@
Evemte/2lkton x year

i
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Pl n

=\ T e search: 3D likelihood

 Analysisbased on 3

dimensional likelihood 5
o Evisible9 g
. B an
_ PTmlss’ E
plEPTlep/(PTlep+ PThad+PTmiss) T
— Exploit correlation between 20
variables

15

— Two functions built:

* Lg ([Evisible, P™iss, p]) (signal) 10
o Ly ([Evisible, P miss, p]) .
i (v, CC background)
(
( — Discrimination given by 0 0
O

‘g T600 modules, 5 vears CNGS (4.5 x 1 0" p.otdyeear)

| ]

® v CC+v CC -

I v CC

— v.CC,1— e

Vertex cuts
applied

InA =L([Evisible, Pymiss, p]) = L./ L,
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v, — V; @ppearance search summary

ICARUS T3000 detector
(2.35 kton active LAr)

5 year CNGS “shared” running

(2.25 x 10? p.o.t.)

Signal Signal Signal Signal
r decay mode Am? = Am? = Am? = Am? = BG
L6 x 1073 V2 [ 2.3 x 1073 ¢V2 | 3.0 x 107 ¢V? | 4.0 x 1073 ¢V?
T e 3.7 9 13 23 0.7
T — p DIS (.6 1.5 2.2 3.9 <01
T rpQE 0.6 14 2.0 3.6 <01
Total 4.9 11.9 17.2 30.5 0.7

Super-Kamiokande: 1.6 < Am? < 4.0 at 90% C.L.
SAME SENSITIVITY AS OPERA




Eventa/alkton x year

Events 20k ion x year

L= B2 Enam’ =350 eV @, =45 B, =T

7o
ICARUS at CHNGS
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ICARUS at CHNGS
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ICARUS at CNGS
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Electron appearance
Full 3 flavour analysis
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ICARUS V|, — Ve

Oscillations v, — Ve : => 013 (8 years shared or 5 dedicated)

Cuts: Fldﬂ(}l&li Er: > 1 GC'-\’F; E-z.lis < 20 GeV

Amsy = 3.5 x 1077 eV=, fly; = 15°

B4 sin® 2013 | v CC | vy — v | 1, — v || Tolal | Statistical
(degrees) T ¢ significance
9 0.095 79 74 84 237 0.80
8 0.076 79 70 67 221 S.A0
7 0.058 79 76 5l 206 110
5 0,030 79 7 26 182 210
3 0,011 79 [ 10 166 .80

/

P(v, —» V,)=coS' G,sin’ 26,\’z

\

P(v, - V,) =sin"26,,sin" G,
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=
Ly H L \.lu-e-a-vﬂ 4
< . 909 allowed
-1
10 2 T
-2
10 .
.3 \
10 :
i v, —V, included, By = /4
v +46
min
-4
pasl rapal 1l
10 -3 2 -1
10 10 10 1

Expected sensitivity to 6, \

ICARUS
5 years dedicated SPS
2.35 kton fid. mass

Sensitivity assuming
bothv, - v,andv, -
Vv, at the same Am?
(three family mixing)

Note: LOG-scale !!

Oy limit from 9 to 5°

-2
sin 26}13



Conclusions

« BEAM
— CNGS beam on schedule, small overscost, can be ready by 2006
— a30-50% increase in luminosity at low cost possible

« EXPERIMENT STATUS

— OPERA quickly adapted the detector to Hall C, and the loss of the CERN group,
with negligible lossin sensitivity. Detailed schedule showing that they can be
ready by 2006

— ICARUS has demonstrated brilliantly the principle, and is proposing a T3000
detector in Hall B, installing T600 in 2003 . T3000 could be ready by 2006.

« PHYSICS

— ICARUS/OPERA will collect of the order of 25-30 T appearance eventsin 5 years
with negligible background @ Am?~2.5 10-3eV2 permitting a determination of
Am?with a precision of 10%

— Thev, appearance channel is there practically for free, both detectors are high
grained. The systematics of the v, component in the beam main background.
Activity in both detectors to evaluate precisely the optimal sensitivity inthe v,
appearance channel, giving accessto 6,

CNGS Program Satus and Physics Potential
Nu2002 Munchen



